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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.S.  customary  units 

of  measurement  used 

in  this  report  can  be  converted 

to  metric  (SI)  units 

as  follows: 

Multiply 

by 

To  obtain 

inches 

25.4 

mi llimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.  59 

cubic  centimeters 

feet 

50.  59 

centimeters 

0. 5048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0285 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.856 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.8532 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x 10'3 

kilograms  per  square  centimeter 

ounces 

28.  35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0. 1745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

JTo  obtain  Celsius  (C)  temperature  readings  from  Farcnhcit  (F)  readings, 
use  formula:  C = (5/9)  (F  -52). 

To  obtain  Kelvin  (K)  readings,  use  formula:  K = (5/9)  (F  -52)  + 275.15. 
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BEACH  FAUNA  STUDY  OF  THE  CERC  FIELD  RESEARCH  FACILITY, 
DUCK,  NORTH  CAROLINA 

by 

James  F.  Matta 


I.  INTRODUCTION 


The  Outer  Banks  of  North  Carol ina  are  a series  of  offshore  sandy 
barrier  islands  extending  from  the  Virginia-North  Carolina  border  to 
Cape  Fear.  The  barrier  islands,  rarely  more  than  6 kilometers  wide, 
are  separated  from  the  shore  by  shallow  sounds  of  varying  widths  and 
are  occasionally  connected  to  the  mainland  or  pierced  by  inlets  to  the 
Atlantic  Ocean. 

These  islands  provide  an  inhospitable  environment  to  both  plants  and 
animals.  Strong  winds,  salt  spray,  and  scouring  sands  have  limited 
plant  and  animal  communities  to  a few  dominant,  well-adapted  species. 

The  CERC  Field  Research  Facility  (FRF)  is  located  on  a narrow 
section  of  Currituck  Bank  (North  Bank),  about  48  kilometers  south  of  the 
Virginia-North  Carolina  State  line  and  2 kilometers  north  of  Duck,  Dare 
County,  North  Carolina  (Fig.  1).  Currituck  Bank  extends  southward  about 
91  kilometers  from  the  State  line  to  Oregon  Inlet,  the  first  break  in 
the  Outer  Banks  south  of  Chesapeake  Bay.  At  the  FRF  site,  the  ocean 
and  sound  beaches  are  approximately  914  meters  long. 

Barrier  island  beaches  offer  several  different  habitats  for 
invertebrates.  The  swash  zone  and  surf  zone  arc  severe  habitats, 
where  the  main  limiting  environmental  factors  arc  the  stress  of  wave 
action  and  the  periodic  exposure  and  submergence  caused  by  the  tidal 
cycle. 

The  ocean  beach  at  the  FRF  site  is  a high-energy  beach  with  a steep, 
narrow  beach  face  bordered  by  7-mcter-high  foredunes.  The  foredunes 
were  stabilized  in  1935  by  the  Works  Progress  Administration  (WPA)  and 
the  Civilian  Conservation  Corps  (CCC)  in  a project  which  involved  the 
area  between  Virginia  Beach,  Virginia,  and  the  middle  of  Ocracoke 
Island,  North  Carolina  (Stratton  and  Hollowell,  1940).  According  to 
Dolan  (1972)  and  Dolan,  Godfrey,  and  Odum  (1973),  this  stabilization 
narrowed  the  beach  and  increased  the  oceans idc  slope  on  the  dune  face 
and  the  beach. 

The  beach  face  slopes  down  to  an  abrupt  topographic  step  at  50  to 
100  centimeters  below  mean  sea  level  (MSI,).  This  step  is  the  line  of 
demarkation  between  the  coarse  bottom  material  of  the  lower  swash  zone 
and  surf  zone,  and  the  fine  sand  of  the  buildup  zone  and  the  outer  part 
of  tlie  surf  zone.  Three  wave  zones  and  five  bottom  zones  were  defined 
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for  this  type  of  beach  (Clifton,  Hunter,  and  Phillips,  1971).  Waves 
pass  through  the  buildup  zone  and  become  higher  and  steeper  until  they 
break.  After  breaking,  the  waves  progress  th rough  the  surf  zone  and 
terminate  in  the  swash  zone.  An  asymmetric  ripple  facies  occurs  off- 
shore and  merges  with  a megaripple  area  in  the  buildup  zone.  The  inner 
buildup  zone  and  part  of  the  surf  zone  cover  the  outer  planar  facies, 
while  the  inner  rough  facies  occurs  under  the  rest  of  the  surf  zone. 

The  inner  planar  facies  is  in  the  swash  zone.  All  of  these  zones  occur 
at  the  FRP  beach,  and  the  line  of  demarkation  between  the  outer  planar 
facies  and  the  inner  rough  facies  is  very  abrupt. 

The  sound  beach  is  wide  and  sloping,  and  periodically  exposed  or 
covered  by  wind  tides.  Hie  major  features  of  the  beach  are  a small 
riprapped  promontory  at  the  southern  end  which  was  created  by  erosion 
at  the  edge  of  the  riprap,  an  eroded  and  steeply  banked  shoreline,  a 
small  natural  marsh  bordering  the  riprapped  area,  and  a large  area  of 
submerged  and  emergent  vegetation  which  was  planted  near  the  natural 
marsh  by  CERC  personnel  to  stop  erosion.  Levy  (1976)  found  22  species 
of  wetlands  plants  in  this  area;  Scirpus  americanus , Aster  tenuifolius , 

Distiohlis  spicata,  Eloar.aris  sp. , and  Hy Iroeotyle  umbellata  are  the 
most  common  species. 

Most  of  the  beach  is  barren  500  to  800  feet  from  shore.  Here, 
small  Vallisneria  plants  occur  which  arc  gradually  replaced  by  a solid 
stand  of  Ruppia  at  about  1,000  to  1,200  feet.  The  water  in  the  area  is 
oligohaline,  varying  from  a salinity  of  0.5  to  5.0  parts  per  thousand. 

The  first  comprehensive  study  of  benthic  communities  was  performed 
in  the  North  Sea  by  Peterson  (1924).  He  established  the  major  benthic 
communities  and  discussed  the  environmental  factors  limiting  their 
distribution . 

The  earliest  comprehensive  study  of  marine  sandy  beach  fauna  in 
the  eastern  United  States  was  conducted  at  Beaufort,  North  Carolina, 
by  Pcarse,  llumm,  and  Wharton  (1942).  They  examined  the  species 
composition  of  beach  communities  from  the  foreshore  slope  to  deep 
water,  and  gave  the  zonal  distributions  for  several  animals.  Emerita 
talpoida  was  abundant  in  the  intertidal  region,  and  Donax  sp.  was  also 
found  in  this  region.  The  burrowing  amphipod,  Haustorius , was  most 
abundant  on  inundated  shoals.  This  study  provided  information  on  sand 
beach  fauna,  but  quantitative  sampling  and  a systematic  sampling  plan 
were  not  used. 

Ceramc-Vivas  and  Gray  (1966)  studied  the  distributional  pattern  of 
benthic  invertebrates  of  the  Continental  Shelf  off  North  Carolina,  but 

did  not  include  beach  fauna.  • 

There  have  been  no  quantitative  studies  on  benthic  communities  of 
high-energy  beaches  on  the  cast  coast  of  the  United  States.  These 
beaches  are  difficult  to  sample,  and  earlier  research  has  focused  on 
the  benthic  communities  of  protected  and  easily  sampled  beaches. 
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Community  structure  was  studied  at  Morehead  City,  North  Carolina, 
on  an  intertidal  sandy  beach  in  an  ocean  inlet  inside  Beaufort  Inlet 
(Dexter,  1969).  The  community  was  typified  by  low  diversity,  low- 
density,  and  a few  dominant  species,  especially  haustorid  amphipods  and 
polychaetes.  The  four  most  abundant  species  were  Neohausterius  sokmitzi 
(803.96  individuals  per  square  meter),  Aoantkohaus tortus  rnillsi  (60.28 
individuals  per  square  meter),  Dona. r variabilis  (31.01  individuals  per 
square  meter),  and  Soolelepis  squamata  (14.25  individuals  per  square 
meter) . 

Croker  (1967)  discussed  the  niche  diversity  of  five  haustorid 
amphipods  occurring  on  sandy  beaches.  The  distribution  and  niche 
diversity  of  haustorid  amphipods  in  North  Carolina  were  studied  by 
Dexter  (1967).  Amphiporeia  virginiana  was  most  abundant  on  surf-swept 
beaches  on  the  barrier  islands;  Parahaus torus  longimerus  was  most 
abundant  in  the  inlet  environment;  and  Lepidaatylus  dytisous  occurred 
in  various  habitats  in  the  sound. 

McDougall  (1943)  discussed  the  sessile  marine  invertebrates  around 
Beaufort  and  focused  on  population  variations  in  pile-dwelling  organisms. 

Carrikcr  (1967)  reviewed  estuarine  benthic  invertebrates,  and  emphasized 
the  need  for  work  on  all  aspects  of  estuarine  ecology. 

Several  studies  on  estuarine  benthic  invertebrates  were  conducted  in 
North  Carolina.  Brett  (1963)  studied  the  relationship  between  inverte- 
brate distribution  and  sediment  type.  Tenore,  Horton,  and  Duke  (1968) 
reported  the  distribution  of  the  bivalve,  Rangia  ouneata,  in  the 
Pamlico  River  estuary  and  Pamlico  Sound.  Tenore  (1970)  studied  the 
macrobenthos  of  the  Pamlico  River  estuary.  He  divided  the  estuary  into 
an  oligohalinc  zone  dominated  by  R.  ouneata  and  Nereis  suooinea,  a 
mesohaline  zone  with  a Hacroma  balthioa-Heteromastus  fillifomis-Mereis 
suooinea  association,  and  a polyhaline  zone  with  a Macorna  phenax- 
Mulinia  lateralis-Gljeera  dibranchiata  association. 

This  is  an  intensive,  seasonal  study  of  the  benthic  invertebrate 
communities  on  a high-energy  barrier  island  beach  and  on  the  estuarine 

beach  of  the  same  strand.  Species  were  characterized  by  location  and  I 

density,  and  communities  are  defined  and  related  to  the  limiting  , 

physical  parameters.  The  species  diversity  of  the  communities  is 
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Location  of  transects  on  the  studv  site 


Transect  I was  305  meters  north  of  transect  II,  and  transect  III  was 
305  meters  south  of  transect  II. 
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On  the  sound  beach,  transect  IV 
64.  This  site  was  selected  because 
V was  34  meters  north  of  bench  mark 
IV.  This  site  was  selected  because 
caused  the  transect  to  be  in  deeper 
Transect  VI  was  200  meters  north  of 
with  little  slope  which  was  typical 

2 . Sampling  Oevicc. 


was  118  meters  south  of  bench  mark 
it  included  a small  marsh.  Transect 
64,  and  152  meters  north  of  transect 
a shallow  east-to-west  depression 
water  than  the  surrounding  area, 
transect  V in  a barren  sand  area 
of  the  sound  beach. 


Preliminary  tests  conducted  with  two  grab  sampling  devices  which 
were  considered  unsuitable  for  the  project  are  discussed  in  Appendix  A. 
The  device  used  in  the  project  (Fig.  3)  was  a corer  constructed  of  a 
6-millimeter  (1/4  inch)  circular  steelplate  with  a 1-centimeter  hole  in 
the  center  welded  to  a 15-centimeter  section  of  8.55-centimeter-diameter 
(3-3/8  inches)  steel  electrical  conduit.  A 2.54-centimeter  (1  inch) 
pipe  coupling  was  welded  to  the  plate  over  the  hole,  and  a 2.54-centi- 
meter steel  pipe  was  tightly  screwed  into  the  coupling.  The  leading 
edge  of  the  steel  conduit  was  sharpened  to  aid  penetration.  A long 
handle  (about  50  centimeters)  was  used  in  the  shallow  areas,  anil  a 
short  handle  (about  15  centimeters)  was  used  in  the  deep  areas  that 
required  diving. 

The  corer  was  pushed  into  the  substrate,  then  extracted  with  tiic 
hole  at  the  top  of  the  handle  covered.  The  core  sample  usually  remained 
in  tlie  corer  until  the  sample  was  placed  in  a bag,  but  on  the  deep  sites 
the  open  end  was  covered  to  prevent  the  sample  from  washing  out. 

The  corer  was  easy  to  use,  fast,  and  unaffected  by  the  varying 
particle  sizes  on  the  beach,  and  there  were  no  moving  parts  to  rust  or 
jam.  It  was  relatively  safe  to  use  in  the  surf  zone  where  sampling  is 
dangerous.  The  corer  sampled  a large  area  (57.7  square  centimeters) 
compared  to  commercially  available  corers. 

3.  Sampling  Plan. 

The  sampling  plan  was  changed  to  improve  the  efficiency  of  the 
sampling  and  the  quality  of  the  data  (App.  B) . In  the  final  plan  on 
the  ocean  beach,  the  zero  point  on  cacli  transect  was  the  landward 
margin  of  the  swash  zone.  Thus,  the  sites  were  in  the  same  relative 
position  with  reference  to  the  wave  activity,  but  changed  position 
between  sampling  series  with  reference  to  a fixed  point  onshore.  Sites 
one  to  nine  were  respectively  established  seaward  of  the  zero  point  at 
3.3,  7.6,  10.6,  13.6,  15.2,  22.7,  30.4,  45.6,  and  60.8  meters 
(horizontal  distance) (Fig.  4).  When  possible,  samples  were  collected 
during  low  tide  so  the  sites  were  relatively  the  same  distance  from  MSI. 
over  the  sampling  scries.  However,  the  main  criterion  in  determining 
sampling  times  was  sea  conditions. 
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Three  samples,  each  consisting  of  two  cores,  were  taken  at  each 
site  (total  area  sampled  1.15  X 10~2  square  meters  by  10  centimeters 
deep).  Samples  were  placed  in  prelabeled  plastic  bags,  stored  at  1°  to 
4°  Celsius,  and  returned  to  the  laboratory  for  extraction. 

A magnesium  chloride  (MgCl2)  and  seawater  rinsing  technique  was 
used  to  extract  the  organisms  from  the  core  samples  (Cox,  1976);  rose 
bengal  was  added  to  a 4-percent  Formalin  solution  to  aid  in  the  sorting. 
All  organisms,  0.5  millimeter  or  larger,  were  separated  by  species, 
identified,  and  counted.  Some  smaller  groups  (mostly  microcrustacea) 
were  also  counted,  but  were  not  identified  below  the  order  level. 

Core  samples  for  grain-size  analysis  were  taken  at  each  site,  rather 
than  at  every  other  site,  to  increase  the  chance  of  detecting  a 
correlation  between  organism  density  and  grain-size  distribution. 

The  ocean  beach  was  not  sampled  during  unfavorable  sea  conditions, 
and  usually  no  more  than  two  transects  were  sampled  per  day.  Thus, 
sampling  during  the  late  fall  and  early  spring  lasted  as  much  as  1 
month.  The  first  sampling  series  was  taken  in  August  1975  (App.  C) , 
the  second  series  on  25  October  (transects  I and  II)  and  20  November 
1975  (transect  III),  the  third  series  on  7 March  (transect  I)  and 
8 April  1976  (transects  II  and  III),  the  fourth  series  on  8 June 
(transect  II)  and  10  June  1976  (transects  I and  III),  and  the  fifth 
series  on  16  July  (transect  I)  and  22  July  1976  (transects  II  and  III). 

After  the  October-Novcmbcr  sampling  was  completed,  a change  in  the 
sampling  procedure  was  requested  by  CFRC . The  number  of  samples  per 
site  was  increased  from  three  to  four  to  increase  the  accuracy  of  the 
variance  estimates  of  the  common  species  populations  and  to  increase 
the  chance  of  collecting  rare  species.  Sampling  at  sites  4 and  6 was 
eliminated  to  keep  the  total  number  of  samples  collected  at  a manageable 
1 eve  1 . 

In  the  final  plan  on  the  south  beach  transects,  the  zero  point  was 
the  sound  margin.  Sampling  sites  1 to  8 were  respectively  placed  15.2, 
58.0,  51.8,  61.0,  68.6,  76.2,  152.4,  and  504.8  meters  soundward  of  the 
zero  point.  The  coring  and  extraction  techniques  used  were  identical  to 
the  methods  used  on  the  ocean  material  (Cox,  1976),  but  tapwater  was 
substituted  for  the  MgCl2-seawater  solution.  Core  samples  were  also 
taken  at  each  site  for  grain-size  analyses. 

The  first  sampling  series  for  the  sound  beach  was  taken  in  July  1975 
(App.  D) , the  second  series  on  11  October  1976,  the  third  series  on 
7 March  1976,  the  fourth  series  on  24  May  1976,  and  the  fifth  series  on 
16  July  (transect  VI)  and  51  July  1976  (transects  IV  and  V). 

4 . Measurement  of  Physical  Parameters. 

Sites  were  located  by  stretching  a precalibrated  nylon  line,  which 
was  anchored  to  the  shore,  over  the  transect.  The  vertical  distance 
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from  MSL  was  determined  by  relating  the  water  depth  to  a point  of  known 
elevation  on  shore  using  a level  and  elevation  rod.  Temperature  and 
salinity  were  measured  near  the  bottom  at  each  site  using  an  inductive 
salinometer  with  a 300-foot  cable. 

Taylor  series  sieves  (phi  interval)  and  a ROTAP^  were  used  for  grain- 
size  analyses.  About  50  + 2 grams  of  material  were  sieved  on  the  ROTAP^ 
for  10  minutes.  Material  retained  on  each  sieve  was  weighed,  and  a 
computer  program  for  sediment-size  analysis  (Darby  and  IVobus , 1976)  was 
used  to  determine  mean,  sorting,  skewness,  and  kurtosis. 

I'he  total  organic  content  of  each  sediment  sample  was  determined 
by  the  incineration  method  and  the  total  carbonate  content  of  each 
sediment  sample  by  the  hydrochloric  acid  (HCI)  method  (Carver,  1971) . 


III.  RESULTS  AND  CONCLUSION’S 


1 . The  Ocean  Beach. 

a.  Preliminary  Sampling.  Because  different  sampling  and  extraction 
techniques  were  used,  samples  taken  in  August  1975  were  not  directly 
comparable  to  the  other  four  sets  of  samples  and  will  not  be  discussed 
here  (sec  App.  C) . 

b.  Faunist ics . Twenty-three  species  of  macrofauna  in  five  phyla 
and  19  families  were  collected  (Table  1).  All  but  four  of  the  macro- 
faunal  species  were  polychaetes  or  crustaceans.  Several  species  of 
meiofauna  were  also  quantitated,  but  were  not  identified  to  the  species 
level. 


c.  Species  Abundance.  The  mean  number  of  individuals  per  square 
meter  at  each  site  during  each  season  was  calculated  for  all  species 
constituting  more  than  1 percent  of  the  total  macrofauna,  and  for  the 
total  macrofauna  (Tables  2 to  16).  The  total  macrofauna  ranged  from 
0 (site  3,  transect  11,  October  1975)  to  24,152  individuals  per  square 
meter  (site  8,  transect  II,  June  1976). 

I'he  swash  zone  fauna  was  dominated  by  F.  talpoida , an  organism 
uniquely  adapted  to  the  constant  wave  action  and  shifting  bottom.  The 
polychaete,  . squan i ta , was  abundant  in  the  deep  parts  of  the  swash 
zone  and  between  the  swash  zone  and  the  surf  zone  (sites  3 and  4) 
during  June  and  July  1976.  Do>uU  sp.  occasionally  occurred  in  large 
numbers  in  this  area,  especially  during  July  1976. 

The  outer  surf  zone  and  the  inner  buildup  zone,  including  the  inner 
rough  and  the  outer  planar  bottom  types  (sites  5,  6,  7,  and  8)  were 
dominated  by  S.  squamata  with  up  to  10,000  to  12,000  individuals  per 
square  meter.  Most  species  were  collected  in  this  area,  and  small  speci- 
mens of  Donax  sp.  occasionally  occurred  with  up  to  6,000  individuals  per 


20 


Table  1 . Faunistic  list  of  the  ocean  beach  at  the 
CERT  Field  Research  Facility. 


Phylum  NEMERTF  A 

Tubulanus  ; elluaidus 

Phylum  ANNE1.1.IDA 

Class  Polychaeta 

Family  Spionidae 

Scolelepis  squamata 
Spiophanes  bombyx 

Family  Nephtyidae 

Uephtys  buoera 

Family  Megalonidae 

Megalona  rosea 

Family  llesionidae 

Miavoph tha Imus  sezelkouii 

Family  Opheliidae 

Travisia  carnea 

Family  Phyl lodocidae 

h'teone  heteropoda 

Family  Olyceridae 

f]  lye  era  sp. 

Phylum  MOLLUSCA 

Class  llivalvia 

Order  lieterodoatida 

Family  Donacidae 

i)onax  sp.  (probably  nariablis) 

Family  Solenidae 

busts  sp. 

Order  Prionodontida 
Family  Arcidac 

Ana  tiara  ova  lie 

Phylum  ARTIIROPODA 

Class  Crustacea 

Order  Amphipoda 

Family  llaustoriidae 

I’arahaustori  is  lony imerus 
Amphiporeia  virainiana 
Ba bhyporeia  quoddyens is 
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Table  1 


Faunistic  list  of  the  ocean  beach  at  the 
CFRC  Field  Research  Facil ity . --Cont inued 


Family  Ischyroceridae 

Jassa  falaata 

Order  Mysidacea 

Metamysidopsis  mexiaana 

Order  Cumae ea 

Family  Leuconidae 

Leucon  amevicanus 
Eudovellopsis  deformis 

Family  Pseudocumidae 

Petalosarsia  deolivis 

Order  Decapoda 

Family  Paguridae 

Pagurus  longiaarpus 

Family  Portunidae 

Ovalipes  ooellatus 

Family  Hippidae 

Emerita  talpoida 


Microcrustacea 

Subclass  Ostracoda 

Order  Myodacopoda 
Species  A 

Order  Podocopa 
Species  A 

Subclass  Copepoda 

Order  Harpacticoida 
Species  A 
Species  B 


Phylum  CNI DARIA 

Class  Anthozoa 

Order  Actiniaria 

Species  A (immature) 
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Mean  number  of  Emerita  talpoida  per  square  meter  on  the  ocean  beach 


Table  4.  Mean  number  of  Saolelepis  squamata 


Table  5.  Mean  number  of  Parahaustorius  longimerus  per  square  meter  on  the  ocean  beach 
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hree  samples  per  site  taken  October  - November  1975.  Four  samples  taken  on  other  dates. 


Table  9.  Mean  number  of  Spiophanes  bombyx  per  square  meter  on  the  ocean  beach. 


Three  samples  per  site  taken  October  - November  1975.  lour  samples  taken  on  other  dates. 


Table  10.  Mean  number  of  Petalosavsia  deolivis  per  square  meter  on  the  ocean  beach. 


Three  samples  per  site  taken  October  - November  1975.  Four  samples  taken  on  other  dates 


number  of  Eteone  heteropoda  per  square  meter 


Table  12.  Mean  number  of  Glycera  sp.  per  square  meter  on  the  ocean  beach 


iples  per  site  taken  October  - November 


Table  13.  Mean  number  of  Metamysidopsis  mexicana  per  square  meter  on  the  ocean  beach 


Table  14.  Mean  number  of  Amphiporeia  virginiana  per  square  meter  on  the  ocean  beach. 


samples  per  site  taken  October  - November  1975.  Four  samples  taken  on  other  dates 
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square  meter.  The  haustorid  amphipod,  P.  longimerus , occurred  with  up 
to  4,000  individuals  per  square  meter  (particularly  on  site  8). 

Site  9 was  farthest  from  shore  and  was  located  in  the  middle  of  the 
buildup  zone  where  megaripples  occur  in  the  rough  facies.  Parahaustorius 
longimerus  was  dominant  in  this  area  with  up  to  8,000  individuals  per 
square  meter;  however,  both  S.  squamata  and  Donax  sp.  occurred  in  large 
numbers.  A second  haustorid  amphipod,  Bathyporeia  quoddyensis , also 
occurred  in  the  area  with  up  to  750  individuals  per  square  meter.  No 
other  significant  species  were  collected.  Bight  crustaceans  and  five 
polychaetes  occurred  over  the  sites  but  did  not  dominate  any  area. 

d.  Analyses  of  Variance.  Three-way  analyses  of  variance  were 
performed  using  site  number,  transect  number,  and  season  as  the 
independent  variables,  and  total  macrofauna  and  major  macrofaunal 
species  as  the  dependent  variables  (Table  17).  The  two-way  inter- 
actions between  site  and  transect,  site  and  season,  and  transect  and 
season  were  often  highly  significant.  The  three-way  interaction  be- 
tween site,  transect,  and  season  was  usually  significant.  When 
interaction  terms  are  significant,  interpretation  of  the  main  effects 
is  difficult  because  the  level  of  the  measured  variable  (number  of 
individuals  collected)  is  affected  nonadditively  by  the  levels  of  the 
two  or  more  independent  variables.  An  interpretation  was  made  after 
re-examining  the  data  and  determining  the  direction  and  magnitude  of 
the  interaction  effects. 

All  species  showed  a significant  difference  in  density  due  to 
season  (probability,  p <0.05),  and  most  showed  a highly  significant 
difference  (p  <0.001).  Densities  generally  increased  from  October  to 
June  and  decreased  in  July.  An  exception  was  the  seasonal  distribution 
of  Donax  sp.,  which  showed  no  significant  change  in  total  numbers 
between  June  and  July.  Clam  spats  (probably  Donax ) were  numerous  in 
June,  but  were  reduced  considerably  in  July.  This  indicated  that  a 
reduction  in  the  Donax  populations  between  the  two  samplings  was 
counteracted  by  maturation  of  some  juveniles.  About  50  percent  of  the 
major  species  showed  a significant  difference  in  density  between 
transects.  Three  of  the  four  most  abundant  species  were  significantly 
different  between  transects  (p  <0.01),  but  total  inacrofauna  was  not 
significantly  different.  Although  macrofaunal  species  composition 
varied,  the  total  number  of  organisms  at  a site  did  not  vary 
significantly  among  transects  (excluding  temporal  variation). 

All  the  major  species  except  Microphtholmus  sczelkowii , Glyoera  sp. , 
and  Petalosarsia  dealivis  showed  a significant  difference  in  density 
between  sites.  A posteriori  tests  (Studcnt-Newman  Keuls'  procedure  for 
differences  between  means  at  the  5-percent  level)  were  performed  on  the 
species  showing  a significant  difference  between  sites.  Emerita 
talpoida  was  most  abundant  on  sites  1 and  2;  P.  longimerus  was  most 
abundant  on  sites  8 and  9;  and  S.  squamata  was  most  abundant  on  site  7, 
but  its  densities  on  sites  5 and  8 were  also  significantly  different  from 
other  sites.  Juvenile  Donax  sp.  were  significantly  more  abundant  on 
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Table  17.  Three-way  analyses  of  variance  between  the  major  macrofaunal  species  of  the  ocean  beach 
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sites  7,  8,  and  9.  The  haustorid  amphipod,  B.  quoddyensis , was  most 
abundant  on  site  9.  The  other,  less  abundant  species  did  not  yield 
interpretable  results  in  the  a posteriori  tests. 

e.  Physical  Data.  Water  temperatures  were  recorded  at  each  site 
(Table  18).  Bottom  temperature  varied  from  10.3°  Celsius  in  March  to 
24.9°  Celsius  in  July.  Temperature  usually  decreased  as  the  distance 
from  shore  increased.  The  greatest  temperature  range,  2.3°  Celsius 
between  sites  1 and  9,  occurred  in  June. 

Salinities  were  recorded  on  the  bottom  at  each  site  (Table  19), 
and  ranged  from  30.1  parts  per  thousand  in  June  to  55.8  parts  per 
thousand  in  March.  Salinity  gradually  increased  with  increased 
distance  from  shore  because  of  the  diluting  effect  of  ground  water 
nearshore.  The  greatest  salinity  range  was  2.37  parts  per  thousand 
between  sites  1 and  9 in  October. 

The  vertical  distance  from  a site  to  MSL  varied  between  samplings 
(Table  20).  The  method  of  locating  the  zero  point  on  the  transects 
caused  the  site  location  to  depend  upon  the  level  of  the  tide  and  the 
sea  conditions  during  sampling.  The  site  elevations  were  affected  by 
seasonal  changes  in  the  slope  of  the  beach  face,  especially  at  the  deep 
sites.  The  greatest  elevational  change  was  at  site  1 on  transect  III; 
the  elevation  was  0.24  meter  below  MSL  on  20  November  1975  and  1.4 
meters  above  MSL  on  8 April  1976. 

The  mean  grain  size  (in  phi),  sorting,  skewness,  and  kurtosis  of 
the  sediments  were  determined  for  each  site  (Tables  21  to  24).  The 
bottom  material  generally  was  fine  but  poorly  sorted  at  sites  7,  8,  and 
9,  and  coarse  but  well  sorted  at  sites  1,  2,  and  5.  Site  5 was  in  a 
transitional  area  between  the  coarse  inner  beach  sediments  and  the 
fine  deepwater  sediments,  and  grain-size  statistics  were  variable  for 
this  site. 

The  total  organic  content  of  the  sediments  (in  grams  per  100  grams) 
was  determined  for  each  site  (Table  25).  Organic  content  was  generally 
low,  and  ranged  from  0.00  to  2.17  grams  per  100  grams  with  both  the  low 
and  the  high  values  occurring  in  the  October  1975  sampling.  Although  a 
clear  pattern  of  organic  content  distribution  did  not  emerge,  organic 
content  was  slightly  higher  at  the  deep  sites  than  at  the  swash  zone 
sites . 

The  total  carbonate  content  (in  grams  per  100  grams)  of  the 
sediments  was  determined  for  each  site  (Table  26),  and  was  usually  high 
on  sites  1,  2,  and  3 and  low  on  sites  7,  8,  and  9.  The  highest  carbo- 
nate content  was  26.15  grams  per  100  grams  on  site  5,  where  the  con- 
centration was  often  high  because  broken  shells  accumulated  at  the 
interface  between  the  outer  planar  facies  and  the  inner  rough  facies. 
Carbonate  content  on  the  inshore  sites  ranged  from  2.19  to  17.78  grams 
per  100  grams;  concentrations  on  the  deep  sites  (7,  8,  and  9)  ranged 
from  0.28  to  2.83  grams  per  100  grams.  There  was  no  pattern  in  the 
distribution  of  carbonate  within  the  two  groups  of  sites. 
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Water  temperatures  (°  Celsius)  recorded  on  the  ocean  beach. 


Table  20.  Vertical  distance  (in  meters)  from  MSL 


ible  21.  Mean  grain  size  (in  phi)  of  sediments  on  each  site  on  the  ocean  beach. 


Table  22.  Sorting  of  sediments  on  each 


Table  24.  Kurtosis  of  sediments  at  each  site  on  the  ocean  beach. 
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f.  Correlation  Analyses.  A correlation  matrix  was  developed,  using 
the  physical  parameters  and  the  major  species.  Twenty-nine  variables  were 
. used,  producing  406  nonredundant  correlations  (Table  27).  The  correla- 

tion coefficients  from  the  comparison  of  major  species  with  season, 
transect,  site,  and  horizontal  distance  from  shore,  generally  agreed  with 
the  results  of  the  variance  analysis.  The  correlation  between 
E.  talpoida , Donax  sp. , A.  virginiana , L.  amerioanus , or  M.  sczelkowii 
and  temperature  was  significant,  but  no  species  showed  a significant 
correlation  with  salinity.  Temperature  and  salinity  changed  gradually 
with  increased  distance  from  shore,  thus  the  correlations  between  a 
species  and  temperature  reflect  the  seasonal  effect. 

Emerita  talpoida  had  a strong  negative  correlation  with  mean  grain 
size,  indicating  an  affinity  for  the  coarse  sediments  of  the  upper  swash 
zone.  Emerita  talpoi,ia  correlated  with  sorting,  skewness,  and  kurtosis 
because  of  the  partial  correlation  of  these  variables  with  mean  grain 
size.  The  burrowing  amphipods,  P.  longimerus  and  B.  quoddyensis , had  a 
strong,  positive  correlation  with  mean  grain  size,  indicating  an  affinity 
for  the  fine  sediments  of  the  deep  sites. 

A principal  factor  analysis  with  iteration  and  varimax  rotation  (Nei , 
et  al . , 1975)  was  performed  on  the  correlation  matrix.  The  extracted 
factors,  eigenvalues,  and  the  percent  of  variance  explained  are  pre- 
sented in  Table  28.  Nine  factors  were  extracted,  but  the  first  five, 
interpreted  below,  explained  over  80  percent  of  the  variance: 

(a)  Factor  1 . This  factor  loaded  heavily  with  month  of 
collection  (loading  0.94165),  indicating  that  the  largest  source  of 
variance  was  seasonal  variation  which  accounted  for  about  one-third  of 
the  variance. 

(b)  Factor  2.  This  factor  loaded  heavily  and  positively  with 
site,  horizontal  distance  from  shore,  mean  grain  size,  and  kurtosis. 

It  loaded  heavily  and  negatively  with  vertical  distance  from  MSL  and  the 
• sorting,  skewness,  and  carbonate  content  of  the  sediments.  Since  the 

other  variables  were  strongly  correlated  (positively  or  negatively)  with 
site,  this  factor  depended  on  location  on  the  transect,  and  accounted 
for  20  percent  of  the  variance. 

(c)  Factor  5.  The  factor  loaded  heavily  with  two  selective 
surface  deposit- feeding  polychaetes,  Spiophanes  bombyx  and  Mejalotia 
rosea.  These  species  occurred  sporadically  in  the  collections.  Their 
occurrence  was  very  highly  correlated,  but  they  did  not  correlate 
strongly  with  other  variables.  Soo'lelepis  squamata,  another  selective 
surface  deposit-feeding  polychaete,  was  abundant  on  most  sites,  but  did 
not  fall  into  this  factor. 

(d)  Factor  1.  The  factor  loaded  with  the  burrowing  amphipod, 

P.  longimerus  and  with  an  omnivorous  fast-burrowing  polychaete, 
iJephytes  buoera.  It  is  also  loaded  with  a third  variable,  the  kurtosis 
of  the  sediments,  and  with  a second  burrowing,  omnivorous  polychaete, 
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Glyaeva  sp.,  but  not  as  strongly  as  the  other  variables  (0.5758).  The 
factor  includes  organisms  that  burrt ,v  through  the  fine,  leptokurtotic 
sands  of  the  deepwater  sites. 

(e)  Factor  5.  The  factor  loaded  heavily  with  the  deposit- 
feeding polychaete,  S.  squamata,  bonax  sp. , and  the  carnivorous  poly- 
chaete,  Eteone  heteropoda.  These  animals  were  characteristic  of  deep- 
water sites,  but  sometimes  moved  shoreward  and  were  found  in  low 
numbers  on  all  sites. 

g.  Species  Diversity.  Species  diversity  for  each  sample  was 
calculated,  using  the  Shannon-Weaver  index: 


s 

H'  = - Z (Ni/N)  log2  (Ni/N)  , 
1 


where  Np  is  the  number  of  individuals  per  taxon,  N is  the  total 
number  of  organisms,  and  s is  the  number  of  taxa.  The  species 
diversity  was  calculated  for  each  site  (Table  29) . A three-way 
analysis  of  variance  was  performed  on  these  data  with  site,  transect, 
and  season  as  the  independent  variables. 

The  two-way  interaction  terms  were  significant,  but  the  three-way 
interaction  term  was  not  significant.  There  was  no  significant 
difference  in  diversity  between  transects.  There  was  a highly  signif- 
icant difference  between  both  sites  and  seasons.  Diversity  was 
lowest  during  October  and  increased  during  March,  June,  and  July. 
Diversities  in  October  ranged  from  0 to  1.27  and  in  July  from  0.29  to 
1.80.  The  deep  sites  had  the  highest  diversities  with  the  highest 
diversity  (1.85)  occurring  on  transect  III,  site  9 in  June  197b. 

2.  Tlie  Sound  Beach. 


a.  Preliminary  Sampling.  Samples  taken  during  26  and  27  July  1975 
are  not  comparable  to  the  other  four  sets  of  samples  because  different 
extraction  techniques  were  used,  and  will  not  be  discussed  here  (see 
App.  D). 

b.  Faunistics . Twenty-three  species  of  macrofauna  in  four  phyla 
and  23  families  were  collected  (Table  50).  The  phylum  Arthropoda 
dominated  the  macrofauna  with  14  families  and  at  least  14  species.  The 
phylum  Annellida,  represented  by  five  species,  was  most  numerous. 

Larval  Diptera  were  not  identified  below  the  family  level;  several 
species  may  have  been  represented,  particularly  in  the  family 

Chi ronomidac . 

c.  Species  Abundance.  The  mean  number  of  individuals  per  square 
meter  was  calculated  for  each  site  and  season  for  the  total  fauna,  and 
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Table  29.  Average  diversity  per  site  on  the  ocean  beach. 


Table  30.  Faunistic  list  of  the  sound  beach 

at  the  ChllC  Field  Research  Facility. 
Species  above  0.5  millimeter  only. 


) 
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Phylum  NEMATODA 

Order  Oorylaimida 

Phylum  ANNELL1DA 

Class  Polychaeta 

Order  Spionida 

Family  Spionidae 

Scolecolepid.es  vividis 

Order  Phyllodocida 

Family  Nereidae 

Laeorieveis  eulveri 

Order  Terebellidae 

Family  Ampharetidae 

Lysippides  grayi 

Class  Oligochaeta 

Order  Prosopora 

Family  Lumbricul idae 
Lumbr’iculus  sp. 

Order  Plesiopora 

Family  Tubifisidae 
Peloscolex  sp. 

Phylum  MOLLUSCA 

Class  Bival via 

Family  Mactridae 

Rangia  cuneata 

Class  Gastropoda 

Order  Pulmonata 

Family  Physidae 
Physa  sp. 

Family  Ancylidae 

Fevvissia  sp  ? 

Phylum  ARTHROPODA 

Class  Crustacea 

Order  Amphipoda 

Family  Haustoridae 

Lep idac ty lus  dys ticus 
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Table  30.  Faunistic  list  of  the  sound  beach 

at  the  CIRC  Field  Research  Facility 
Species  above  0.5  millimeter  only.-- 
Continued 


Family  Ganunaridae 
Gamrnarus  sp. 

Family  Photidae 

Leptocheirus  plumulosus 

Family  Oedicerotidae 
Monooulod.es  sp. 

Order  Isopoda 

Family  Anthuridae 

Cyathura  polita 

Family  Idoteidae 

Chindotea  sp. 


Order  Decapoda 

Family  Cambaridae 

Cambarus  sp  ? (immature) 


Family  Portunidae 

Callineates  sapidua 

Class  Insecta 

Order  Odonata 

Family  Coenagr ionidac 

Enallagma  sp. 

Order  Collembola 
Species  A 

Order  Coleoptera 

Family  Oytiscidae 
Uvavus  sp. 

Order  Diptera 

Family  Tabanidae 

Species  A (immature) 

Family  Chironomidae 
(Iinmatures) 


Family  Cerotopogonidae 
(Immatures) 
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for  each  species  constituting  more  than  1 percent  of  the  total  macro- 
fauna (Tables  31  to  42).  The  total  fauna,  including  both  macrofauna 
and  larger  meiofauna,  varied  from  230  (site  3,  transect  VI,  October 
1975)  to  132,700  individuals  per  square  meter  (site  1,  transect  IV, 

July  1976).  Densities  were  generally  highest  on  transect  IV  and 
lowest  on  transect  VI  and  meiofauna  species,  primarily  copepods,  had 
the  highest  densities. 

The  burrowing  amphipod,  L.  dystious,  was  abundant  with  0 to  3,500 
individuals  per  square  meter.  Another  amphipod,  Monooulodes  sp.,  was 
common  with  0 to  1,360  individuals  per  square  meter.  Two  other 
amphipods,  Leptoaheirus  plumulosus  and  Gammams  sp.,  were  collected  on 
the  beach,  but  their  densities  were  low  and  their  occurrence  was 
sporad  Le . 

The  burrowing  polychaete,  Scoleoolepides  viridis  , was  found  on  all 
sites,  but  was  most  abundant  in  deep  waters  with  0 to  435  individuals 
per  square  meter.  Two  other  polychaetes,  Lysippides  yvayi  and 
Laeoncreis  aulvevi , occurred  sporadically  and  in  low  numbers,  but  their 
frequency  of  occurrence  was  highest  during  July  1976. 

Chironomid  larvae  and  the  oligochaete,  Peloseolex  sp. , were  usually 
abundant  with  0 to  2,579  and  0 to  41,480  individuals  per  square  meter, 
respectively.  They  were  most  abundant  on  transect  IV  and  on  site  8 
of  all  transects. 

The  last  major  species  was  the  brackish  water  clam,  R.  cuneata, 
which  was  commonly  collected  on  the  deep  sites  with  0 to  115  indivi- 
duals per  square  meter. 

d.  Analyses  of  Variance.  Three-way  analyses  of  variance  were 
performed  on  the  total  macro fauna  and  on  all  major  species,  using  site, 
season,  and  transect  as  the  independent  variables  (Table  43).  The  two- 
way  interactions  between  site  and  season,  transect  and  site,  and  season 
and  site  were  often  highly  significant.  The  three-way  interaction 
between  site,  transect,  and  season  was  also  usually  significant. 
Significant  interactions  make  interpretation  of  the  main  effects 
difficult,  because  the  levels  of  the  measured  variables  arc  affected 
nonadditively  by  the  levels  of  two  or  more  independent  variables.  The 
interpretations  were  made  after  re-examining  the  original  data  and 
determining  the  direction  and  magnitude  of  the  interaction  term.  The 
total  fauna  showed  significantly  different  densities  for  site,  transect, 
and  season.  Total  fauna  increased  on  all  sites  during  May  and  July 
1976,  but  greatly  increased  on  sites  1 and  2 of  transect  IV  because  of 
ma rsh  devc 1 opment . 

Saoleaolcp'des  ’/>’/£.■  showed  highly  significantly  different 
densities  for  site  and  season  but  no  significant  difference  in  densities 
for  transect.  This  species  was  most  abundant  on  the  deep  sites  with  a 
significant  difference  in  density  between  samplings  with  an  increase 
during  March  and  May. 
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Table  31.  Mean  number  of  all  organisms  per  square  meter  on  the  sound  beach. 


Table  55.  Mean  number  of  Scoleeolepid.es  viridis  per  square  meter  on  the  sound  beach. 


Mean  number  of  Pelosaolex  sp.  per  square  meter  on  the  sound  beach. 


able  55.  Mean  number  of  Chironomidae  larvae  per  square  meter  on  the  sound  beac 


Table  57.  Mean  number  of  Monoculodes  sp.  per  square  meter  on  the  sound  beach 


■ of  Cyathura  polita  per  square  meter  on  the  sound  beach. 


Table  40.  Mean  number  of  Rangia  auneata  per  square  meter  on  the  sound  beach. 


Mean  number  of  Laeonereis  eulveri  per  square  meter  on  the  sound  beach. 


The  results  for  L.  plumulosus  were  identical  to  those  for 
S.  viridis,  but  L.  plumulosus  was  less  abundant  and  was  collected  in 
large  numbers  only  during  May  1976. 

Lepidaotylus  dystious  showed  highly  significant  differences  in 
density  for  all  factors.  This  species  was  found  on  all  sites  but  was 
least  abundant  on  the  deepwater  sites  of  all  transects  and  the  marsh 
sites  of  transect  IV.  A general  increase  occurred  in  October,  March, 
and  May,  and  a small  decrease  occurred  in  July  1976.  Lepidactylus  dysticus 
and  Monoculod.es  sp.  had  similar  distributions. 

Chironomid  larvae  showed  no  significant  difference  in  density  between 
seasons,  but  highly  significant  differences  between  sites  and  transects. 
Chironomids  were  most  abundant  on  transect  IV,  and  also  attained  high 
densities  on  sites  1,  2,  7,  and  8 of  the  other  transects.  They  were 
least  abundant  on  transect  VI  and  on  sites  3,  4,  5,  and  6 on  transect  V. 

The  oligochaete,  Peloscolex  sp.,  showed  highly  significant 
differences  in  density  for  all  factors;  densities  increased  with  each 
season.  It  was  most  abundant  in  the  marsh  area  of  transect  TV  and  on 
sites  7 and  8 of  all  transects. 

e.  Physical  Data.  Water  temperatures  were  recorded  at  each  site 
(Table  44).  Bottom  temperatures  varied  from  17.7°  Celsius  in  March  to 
35.1°  Celsius  in  July.  The  temperature  decreased  as  the  distance  from 
shore  increased  wrch  the  .greatest  temperature  range  (4.1°  Celsius) 
between  sites  1 and  8.  Transect  IV-was  usually  one  or  two  degrees 
warmer  than  the  other  transects  on  the  nearshore  sites,  probably 
because  it  was  insulated  by  the  marsh.  — 

Salinity  levels  ranging  from  0.7  to  4.0  parts  per  thousand  were 
recorded  at  each  site  (Table  45).  Salinities  were  lowest  during 
October  and  March,  increased  during  May,  and  decreased  slightly  during 
July.  Salinities  increased  with  distance  from  shore  with  the  greatest 
range  (2.25  parts  per  thousand)  between  sites  1 and  8.  The  salinities 
were  lowest  on  the  inner  sites  of  transect  IV,  probably  because  the 
marsh  reduced  the  mixing  of  the  freshwater  runoff  with  the  brackish 
waters  of  the  sound. 

The  vertical  distance  from  MSL  was  recorded  for  each  site  (Table  46). 
The  beach  has  little  slope  for  the  first  75  to  90  meters,  and  minor 
changes  in  elevation  arc  caused  by  small  undulations  in  the  sand 
surface.  The  beach  is  stable,  and  elevations  are  constant  from  season 
to  season. 

The  descriptive  statistics  are  reported  for  grain-size  distribution, 
mean,  sorting,  skewness,  and  kurtosis  (Tables  47  to  50,  respecti vely) . 
lira  in-. size  statistics  remained  stable  during  most  of  the  study,  but  in 
May  the  average  particle  size  increased  by  approximately  1 phi.  This 
may  have  been  caused  by  winter  storms  on  the  beach.  Average  grain  size 
remained  relatively  constant  at  different  distances  from  shore  and 
between  sites. 


Season 


Table  46.  Vertical  distance  (in  meters)  from  MSL  for  each  site  on  the  sound  beach 


Table  4".  Mean  grain  size  (in  phi)  of  sediments  at  each  site  on  the  sound  beach. 


Table  48.  Sorting  of  sediments  at  each  site  on  the  sound  beach 


ess 


Table  50.  Kurtosis  of  sediments  at  each  site  on  the  sound  beach. 


The  total  carbonate  and  organic  content  (in  grams  per  100  grams)  of 
the  sediments  were  recorded  at  each  site  (Tables  51  and  52).  The 
carbonate  content  was  low,  ranging  from  0.02  to  0.15  percent.  There  was 
no  significant  difference  between  sites  or  sampling  dates. 


The  total  organic  content  was  also  low,  ranging  from  0.11  to  0.97 
percent.  Organic  content  increased  during  the  study,  and  was  signifi- 
cantly higher  on  site  1 of  transect  IV  at  the  last  sampling  because  of 
the  gradual  marsh  development  on  transect  IV. 


f.  Correlation  Analyses.  A correlation  matrix  was  developed, 
using  the  physical  parameters  and  the  major  species.  Twenty-seven 
variables  produced  351  nonredundant  correlations  (Table  55).  The 
correlation  coefficients  with  season,  transect,  and  site  support  the 
analyses  of  variance. 


Scoleoolepid.es  viridia  was  highly  correlated  with  water  depth  and 
horizontal  distance  from  shore  and  R.  euneata  was  also  correlated  with 
these  variables.  Both  species  were  most  abundant  on  the  deep  sites. 
When  wind  tides  exposed  large  areas  of  beach  surface,  shore  birds 
congregated  in  the  area  and  fed  on  the  exposed  bottom.  Several  freshly 
opened  R.  euneata  were  discovered  in  t he  feeding  area.  The  low  densi- 
ties of  R.  euneata  and  viridis  on  the  inner  sites  are  probably  due 
to  predation,  rather  than  to  the  species'  inability  to  withstand 
exposure.  Leipdaetjlus  bjsti  - is  preferred  the  shallow,  inshore  sites 
and  was  negatively  correlated  with  depth  and  horizontal  distance  from 
shore . 


A principal  factor  analysis  with  iteration  and  varimax  rotation 
(Nei,  et  al . , 1975)  was  performed  on  the  correlation  matrix;  the  nine 
extracted  factors,  eigenvalues,  and  percent  of  variance  explained  are 
presented  in  Table  54. 

The  three  major  factors  arc  interpreted  below: 

(a)  Factor  1 . The  factor  loaded  heavily  for  organic  content, 
ol igochaetes , total  organisms,  tabanidae,  and  the  dytiscid  beetle, 
Uvanis  sp.  These  variables  suggested  that  the  marsh  area  was  a 
cohesive  community  and  responsible  for  a major  part  of  the  variance  in 
the  collections. 


(b)  Factor  2.  The  factor  loaded  heavily  for  site,  horizontal 
distance  from  shore,  water  depth,  and  the  polychacte,  S.  viridis , and 
is  primarily  a location  factor.  The  heavy  loading  of  S.  viridis 
indicated  the  organism's  dependence  on  location,  primarily  distance 
from  shore. 

(c)  Factor  3.  The  factor  loaded  heavily  for  season,  carbonate 
content,  temperature,  and  salinity.  Factor  3 was  a time  and  physical 
parameter  factor,  because  seasonal  changes,  marked  by  changes  in 
temperature  and  salinity,  caused  a large  part  of  the  variance  in  the 
correlation  matrix. 
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Matrix  of  correlation  coefficients  among  physical  parameters  and  major  species  for 
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Table  54. 

Factors,  eigenvalues,  and  variance  explained 
for  factor  analysis  on  the  sound  beach 
correlation  matrix. 

Factor 

eigenvalue 

Pet  of 
Variance 

Cumulative 

Pet 

i 4 

5 . 25365 
4.82872 
2.70715 
2.06814 
1.55056 
1.25775 
0.85644 
0.58851 
0.48931 
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The  three  factors  accounted  for  over  65  percent  of  the  variance; 
other  factors  were  not  interpretable  for  biologic  effects.  None  of  the 
organisms,  except  those  characteristic  of  the  marsh  and  S.  viridis , was 
associated  with  the  major  factors.  Thus,  their  distributions  were  not 
dependent  on  the  measured  parameters.  Other  physical  and  chemical 
parameters  determined  both  population  levels  and  distributions  for 
these  species. 

g.  Species  Diversity.  Species  diversity  at  each  site  was  calcu- 
lated using  a Shannon-Weaver  index  (see  Section  III,  1,  g) (Table  55). 
The  total  fauna  (including  meiofauna)  was  used  to  compute  the  diversity 
index.  Diversity  ranged  from  0.35  to  2.33.  The  diversities  in  the 
May  and  July  samples  were  significantly  higher  than  those  in  the 
October  and  March  samples;  diversity  was  generally  higher  on  the  deep- 
water sites  (sites  7 and  8)  than  on  the  nearshore  sites. 


IV.  DISCUSSION 


1 . The  Ocean  Beach . 

The  ocean  beach  has  one  distinct  faunal  community.  This  community 
was  located  in  the  swash  cone  and  was  dominated  by  E.  talpoida.  Pearse, 
Humm,  and  Wharton  (1942)  report  that  Donax  sp.  occur  in  this  zone  and 
move  up  and  down  the  beach  with  the  tidal  cycle  as  does  E.  tah.oid w; 
however,  densities  of  adult  Donax  were  low  in  the  swash  zone  at  the  FRF , 

Donax  sp.  has  been  observed  in  large  numbers  in  the  swash  zone  at 
Virginia  Beach,  Virginia.  This  beach  presents  a reduced  stress 
situation  compared  to  the  beach  at  the  FRF  because  of  the  gently  sloping 
beach  face  and  milder  wave  conditions.  Donax  did  not  remain  in  the 
swash  zone  at  the  FRF  in  winter  because  of  the  high  storm  waves.  Since 
the  density  of  juveniles  was  high  in  deep  water,  Donax  probably 
recolonizcd  the  swash  zone  each  spring. 

There  were  two  other  strongly  integrated  communities  in  the  deep 
water,  dominated  by  S.  squamata  and  P.  lonqimerus , respectively. 
Significant  numbers  of  these  species  were  also  present  in  the  swash 
zone,  but  their  densities  were  low  compared  to  the  deepwater  sites. 

The  second  community  on  the  ocean  beach  is  the  S.  squamata 
community.  These  depos it  - feed i ng  polychaetes  arc  found  on  all  sites 
but  are  most  abundant  on  sites  5,  6,  7,  and  8.  Their  density  was  high 
on  site  5,  just  seaward  of  the  interface  between  the  outer  plane  facies 
and  the  inner  course  facies.  The  third  community  is  the  P.  longimerus 
community  on  site  9.  The  two  communities  appear  to  integrate  strongly 
in  the  area  of  site  8.  The  S.  squamata  community  represents  an  inshore 
community  extending  over  t he  megaripple  area,  and  the  P.  lonqimerus 
community  represents  the  margin  of  a large  community  inhabiting  the 
asymmetric  ripple  area  in  the  offshore  zone. 
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Table  55.  Average  diversity  per  site  on  the  sound  beach 
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Several  nondominant  species  occurred  in  these  communities. 

Densities  of  Donax  sp.  were  high  on  sites  7,  8,  and  9.  A second 
burrowing  amphipod  and  several  polychaete  species  ( Glycera  sp., 

M.  rosea,  and  S.  hornbyx ) were  common,  but  their  densities  were  not  high. 

Lie  (1968)  recorded  diversities  for  benthic  fauna  in  offshore  areas 
of  the  Oregon  coast  and  Boesch  (1972)  recorded  diversities  for  offshore 
Virginia  waters;  however,  species  diversities  have  not  been  reported 
for  the  high-energy  beach  zone.  Diversities  were  low  on  the  study  area; 
15  sites  had  a diversity  of  zero,  with  no  organisms  on  1 site  and  only 
one  species  on  14  sites.  The  low  diversity  was  caused  by  the  high-stress 
conditions  on  the  beach.  The  few  species  adapted  to  the  beach  face 
had  high  densities,  and  the  relatively  large  numbers  of  the  dominant 
species  resulted  in  low  species  diversities. 

2 . The  Sound  Beach. 

The  community  structure  on  the  sound  beach  was  easily  defined,  and 
was  delineated  in  both  the  analyses  of  variance  and  the  factor  analysis. 
The  sample  area  was  divided  into  three  communities  (Fig.  5).  The  marsh 
community  occupies  a small  area  at  the  base  of  transect  IV,  and  is 
characterized  by  high  densities  of  the  oligochaete,  Pelosaolex  sp.,  by 
the  insect  groups,  Tabanidae,  Ceratopogonidae,  and  Uvarus  sp.,  and  by 
high  densities  of  chironomid  larvae.  There  were  more  individuals  and 
more  species  per  sample  than  in  other  areas.  Species  diversity  was 
low  because  the  Pelosaolex  and  the  meiofaunal  species  were  dominant  in 
the  marsh. 

The  two  other  communities  cover  the  rest  of  the  study  site.  The 
S.  viridis  community  begins  between  90  and  140  meters  from  shore  and 
extends  outward  at  least  300  meters  from  shore.  No  sampling  was  done 
beyond  this  point;  however,  the  bottom  beyond  site  8 was  covered  by 
dense  stands  of  Rupea  sp.  and  the  benthic  fauna  possibly  changed. 
Although  S.  viridis  characterized  this  community,  other  organisms  were 
significant.  The  density  of  oligochactes  ( Pelosaolex  sp.)  and 
chironomid  larvae  was  higher  than  on  inshore  sites.  Although  the  brack- 
ish water  clam,  R.  uneata , was  not  present  in  large  numbers,  it  was 
significant  in  terms  of  biomass  and  was  limited  to  this  community.  The 
shoreward  boundary  of  the  community  probably  depended  on  exposure  by 
wind  tides,  and  the  community  started  where  wind  tides  seldom  exposed 
the  bottom.  Shore  birds  fed  at  the  margin  of  the  community  during  an 
extreme  tide,  and  preyed  on  R.  • uneata . Predation  may  have  limited 
R.  auneata  and  d.  viridis  in  the  nearshore  area. 

The  third  community  extended  90  to  140  meters  from  shore  on 
transects  V and  VI  and  into  a narrow  zone  between  the  marsh  and  the 
.7.  viridis  community  on  transect  IV.  The  community  was  exposed  by  wind 
tides  and  characterized  by  the  burrowing  amphipod,  L.  dyatiaus.  During 
exposure,  b.  dystiaus  escaped  predation  by  remaining  under  the  sand 
surface;  it  scurried  over  the  bottom  when  water  covered  the  community. 
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Figure  5.  Approximate  location  of  the  three  major  communities  on  the  sound  beach 


The  species  diversities  were  low  on  the  sound  beach,  averaging 
between  1,0  and  2.0.  Boesch  (1972J  recorded  species  diversities  for 
marine  and  estuarine  habitats  in  Virginia.  The  estuarine  systems  of 
the  York  and  Pamunkey  Rivers  ranged  from  1.5  to  2.8,  with  the  lowest 
diversities  in  the  low  salinity  areas  (0  to  5 parts  per  thousand)  of 
the  upper  Pamunkey.  Caspers  (1967)  indicated  that  specie-  diversities 
are  low  in  estuaries,  and  Day  (1951)  stated  that  a complex  of  changing 
parameters  limited  the  number  of  colonizing  organisms. 

The  low  diversities  on  the  sound  sites  were  caused  by  stress.  The 
oligohaline  salinity  of  the  zone  and  the  periodic  exposure  by  wind 
tides  resulted  in  the  very  low  diversities  on  the  nearshore  sites  of 
transects  IV  and  V. 

The  oligohaline  environment  limited  the  diversity  at  the  deep  sites 
but  tiie  marsh  area  on  transect  IV  decreased  stress,  and  diversities 
were  slightly  higher  in  that  area.  As  the  marsh  develops  and  expands, 
the  export  from  the  marsh  should  increase  diversity  in  the  surrounding 
area.  The  species  diversities  within  the  marsh  should  rise  as 
additional  species  colonize  the  area. 
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APPENDIX  A 


PRELIMINARY  TESTS  OP  SAMPLING  DEVICES 


The  surf  zone  of  the  ocean  beach  was  difficult  to  sample.  The 
shallow  water  and  the  severe  turbulence  of  the  high-energy  beach 
precluded  the  use  of  a boat  or  a research  vessel,  and  thus  eliminated 
most  bottom  sampling  gear  used  in  marine  benthic  sampling. 

Preliminary  tests  were  conducted  on  two  grab  samplers  which  were 
light  enough  to  handle  in  the  surf  zone.  A petit  ponar  grab  sampler 
was  tested  in  the  surf  zone  at  Sandbridge,  Virginia,  on  a beach  similar 
to  the  beach  at  the  FRF  site.  This  grab  penetrated  less  than  3 
centimeters  in  areas  of  compact  sand,  and  produced  samples  which  were 
shallow  and  inadequate  for  the  analysis.  In  the  surf  zone,  the  grab 
turned  over  as  each  wave  passed.  Adequate  samples  were  taken  in  the 
coarse  material  of  the  surf  zone  when  the  grab  was  dropped,  closed,  and 
retrieved  between  passing  waves,  but  this  restrictive  sampling  pro- 
cedure made  the  grab  inefficient. 

A pole-mounted  Echman  grab  sampler  was  tested,  but  was  unsuitable. 
Although  it  was  stable  in  the  surf,  it  could  not  penetrate  hard-packed 
sand.  The  jaws  jammed  open  on  shells  and  rocks,  and  usually  lost  part 
of  the  sample.  During  periods  of  severe  wave  conditions,  the  sampler 
was  dangerous  to  handle  in  the  surf. 

Several  lightweight,  commercially  available  corers  with  sample 
retention  devices  were  tested  in  the  surf  zone.  However,  samples  taken 
by  the  corer  were  small  (generally  less  than  15  square  centimeters) 
and  unsuitable  for  the  study. 

The  device  selected  for  use  in  this  study  is  described  in  Section  II, 
2 of  the  text. 


' 


91 


APPENDIX  B 


DEVELOPMENT  OP  SAMPLING  PLAN 


Initially,  in  August  1975,  six  sampling  sites  were  established  on 
each  of  the  three  ocean  beach  transects.  Sampling  sites  on  thase  tran- 
sects were  placed  with  respect  to  MSL.  Site  1 was  7.6  meters 
(horizontal  distance)  shoreward  of  the  MSL  point  (zero  point),  and 
sites  2 to  6 were  7.6,  15.2,  30.4,  45.6,  and  60.8  meters  seaward  from 
the  MSL  point.  Three  samples,  each  consisting  of  two  cores,  were  taken 
at  each  site  (total  area  sampled  1.15  x 10~2  square  meters  by  10  centi- 
meters deep).  Samples  were  placed  in  prelabeled  plastic  bags,  stored 
at  1°  to  4°  Celsius,  and  returned  to  the  laboratory  for  extraction. 
Samples  were  sieved,  and  the  organisms  retained  on  the  0.6-  or  0.4- 
millimeter  sieves  were  collected.  Organisms  were  preserved  in 
4-pcrcent  Formalin  for  later  identification. 

Salinity  and  temperature  readings  were  taken  at  all  sites,  and  an 
additional  core  sample  was  taken  at  odd-numbered  sites  on  each  transect 
for  analysis  of  grain  size  and  for  determination  of  organic  and 
carbonate  content.  The  results  of  the  initial  sampling  are  discussed 
in  Appendix  C. 

In  the  October-Novembcr  and  subsequent  samplings  the  zero  point  on 
the  transects  was  moved  from  MSL  to  the  landward  margin  of  the  swash 
zone.  Site  1 was  abandoned  and  four  new  sites  (sites  1,  3,  4,  and  6, 
respectively)  were  established  at  3.3,  10.6,  13.6,  and  22.7  meters 
seaward  of  the  zero  point.  An  improved  technique  was  used  to  extract 
the  organisms  from  the  core  samples  and  core  samples  for  grain  size 
analysis  were  taken  at  all  sites  rather  than  every  other  site.  In  the 
March-April  and  subsequent  samplings  the  number  of  samples  per  site 
was  increased  from  three  to  four  and  sampling  at  sites  4 and  6 was 
eliminated.  These  changes  and  the  resulting  final  plan  are  discussed 
in  detail  in  the  text  in  Section  II,  5. 


Initially  in  July  1975,  six  sampling  sites  on  each  of  the  three 
sound  beach  transects  were  placed  with  reference  to  the  sound  margin 
(zero  point)  at  15.2,  38.0,  51.8,  61.0,  68.6,  and  76.2  meters  from  the 
shoreline.  The  procedures  for  sampling  and  sample  extraction  were  the 
same  as  described  for  the  August  1975  ocean  beach  samplings. 

Salinity  and  temperature  readings  were  taken  at  all  sites,  and  an 
additional  core  sample  was  taken  at  odd-numbered  sites  on  each  transect 
for  analysis  of  grain  size  and  for  determination  of  organic  and 
carbonate  content.  The  results  of  the  initial  sampling  are  discussed 
in  Appendix  I). 


In  the  October  and  subsequent  samplings  two  additional  sites  were 
established  152.4  and  304.8  meters  from  the  zero  point,  resulting  in 
eight  sampling  sites  per  transect.  Core  samples  for  grain  size 
analysis  were  taken  at  all  sites,  rather  than  at  every  other  site.  The 
final  extraction  technique  used  was  identical  to  the  final  technique 
used  on  the  ocean  material  but  tapwater  was  substituted  for  the  MgCl2- 
seawater  solution.  These  changes  and  the  resulting  final  plan  are 
discussed  in  detail  in  the  text  in  Section  II,  3. 
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APPENDIX  C 

RESULTS  OF  THE  AUGUST  1975  SAMPLING  ON  THE  OCEAN  BEACH 


The  sieving  technique  used  to  extract  the  August  1975  samples  was 
less  sensitive  to  small  organisms  than  the  MgCl2-seawater  extraction 
method  used  on  subsequent  samples.  Thus,  the  August  1975  samples  were 
not  compared  to  subsequent  samples. 

The  average  number  of  E.  tdlpoida,  P.  longimerus , S.  squamata,  and 
total  organisms  per  square  meter  was  determined  for  each  site  (Table 
C-l).  Physical  data,  mean  grain  size,  and  sorting  of  the  sediments,  and 
total  organic  and  carbonate  contents  of  the  sediments  were  also 
determined  (Tables  C-2,  C-3,  and  C-4,  respectively). 

The  results  of  the  August  sampling  supported  the  previous 
conclusions  on  community  distribution.  The  three  major  species  that 
defined  the  ocean  beach  communities  had  high  densities.  Donax  sp. 
was  not  collected;  the  occurrence  of  a severe  storm  before  the  sampling 
may  have  reduced  the  Donax  population. 
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number  of  Emerita  talpoida,  Parahaustorius  longimerus , Saolelepis  squamata 

otal  organisms  per  square  meter  on  the  ocean  beach  sites,  August  1975. 
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Table  C-2.  Physical  data  for  ocean  beach  sites,  August  1975 


Table  C-5.  Mean  grain  size  and  sorting  of  sediments  for  odd-numbered  ocean 
August  1975. 
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APPENDIX  D 

RESULTS  OF  THE  JULY  1975  SAMPLING  ON  THE  SOUND  BEACH 


The  sieving  technique  used  to  extract  the  July  1975  samples  was 
less  sensitive  to  small  and  medium-size  organisms  than  the  rinsing 
flotation  technique  used  on  subsequent  samples.  Thus,  the  July  1975 
samples  were  not  compared  to  subsequent  samples. 

The  average  number  of  Monooulodes  sp. , S.  vividis  L.  dystiaus , 
Pelosoolex  sp.,  chironomid  larvae,  Gammavus  sp.,  Cyathuva  polita, 
and  total  organisms  per  square  meter  was  determined  (Table  D-l). 
Physical  data,  mean  grain  size  and  sorting,  and  total  organic  and 
carbonate  content  of  the  sediments  were  measured  (Tables  D-2,  D-3, 
and  D-4) . 

The  results  of  the  July  sampling  supported  the  general  conclusions 
in  the  text.  Two  communities  were  present,  the  marsh  community  on 
transect  IV  and  the  L.  dystiaus  community  on  transects  IV  and  V. 

Sites  7 and  8 were  not  measured,  but  included  the  S.  vividis  community. 
Sooleaolepidis  vividis  increased  in  number  with  increased  distance  from 
shore,  but  had  low  densities  on  transect  VI.  The  marsh  community  was 
poorly  developed  in  July  1975,  and  few  characteristics  species  were 
present . 
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Table  D-l.  Average  number  of  Monoculodes  sp.,  S.  viridis , L.  dystiaus,  Pelosoolex  sp.,  chironomid 

larvae,  Gamvarus  sp.,  C.  polita,  and  total  organisms  per  square  meter  on  the  sound  beach 
sites,  July  1975. 


Table  D-l.  Average  number  of  Monoculodes  sp.,  S.  vividis , L.  dysticus , Peloscolex  sp.  , chironomid 

larvae,  Garmarus  sp.,  C.  polita,  and  total  organisms  per  square  meter  on  the  sound  beach 
sites,  July  1975. --Continued 


Table  D-2.  Physical  data  for  the  sound  beach  sites,  July  1975. 
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